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ABSTRACT
D i s e a s e - f r e e  b e l l  p e p p e r  p la n ts ,  g ro w n  in  t h e  f ie ld  a n d  in  p o ts  in  
s o i l  i n f e s t e d  th e  p re v io u s  g ro w in g  s e a s o n  w ith  X an th o m o n as  v e s i c a t o r i a . 
f a i l e d  to  d e v e lo p  b a c t e r i a l  l e a f  s p o t . T h e s e  o b s e r v a t io n s  i n d ic a te d  th a t
o
th e  o rg a n is m  d id  n o t o v e r - s e a s o n  u n d e r  th e  c o n d i t io n s  t e s t e d  i n  L o u is ia n a .
F i f ty - n in e  in d iv id u a l  m a te r i a l s ,  s e v e n  a n t ib io t i c s  a n d  52 c h e m ic a l s ,  
in h ib i te d  th e  g ro w th  o f  X. v e s i c a to r i a  in  th e  la b o ra to ry  w h e n  th e  f i l t e r  
p a p e r  d i s c - a g a r  d i f f u s io n  m e th o d  w a s  u s e d .  F ou r o f  t h e s e  m a te r i a l s ,  
n e o m y c in  s u l f a t e ,  s t r e p to m y c in  s u l f a t e ,  A g r i-m y c in  1 7 , a n d  c u p r ic  
O m a d in e  w ith  l im e ,  g a v e  p a r t i a l  c o n tr o l  o f b a c t e r i a l  l e a f  s p o t  u n d e r  
f ie ld  c o n d i t io n s  d u rin g  th e  e a r ly  p a r t  o f  th e  g ro w in g  s e a s o n .  H o w e v e r , 
w h e n  e n v iro n m e n ta l  c o n d i t io n s  b e c a m e  e x tre m e ly  f a v o ra b le  fo r  th e  d e ­
v e lo p m e n t o f  th e  d i s e a s e ,  n o n e  o f t h e s e  m a te r ia ls  g a v e  s ig n i f ic a n t  
c o n t r o l .
W h e n  c o m m e rc ia l  f e r t i l i z e r  o f th e  a n a l y s i s  8 - 8 - 8  w a s  a p p l ie d  to  
th e  s o i l  a t  th e  r a t e s  o f  1 ,0 0 0 ,  2 ,0 0 0 ,  4 ,0 0 0 ,  a n d  6 ,0 0 0  p o u n d s  p e r  
a c r e  in  a  r a n d o m iz e d  b lo c k  d e s i g n ,  c o n tro l  o f  b a c t e r i a l  l e a f  s p o t  w a s  
o b ta in e d  w ith  th e  tw o  h ig h e r  r a t e s .  H o w e v e r , t h e r e  w a s  a  s ig n i f ic a n t  
r e d u c t io n  in  th e  y ie ld s  o f  m a rk e ta b le  p e p p e r s  from  p la n t s  g ro w n  in  p lo ts  
th a t  w e re  t r e a t e d  w ith  4 ,0 0 0  a n d  6 ,0 0 0  p o u n d s  p e r  a c r e  f e r t i l i z e r .
T he e f f e c t  o f n i t r o g e n ,  p h o s p h o r u s ,  a n d  p o ta s s iu m  o n  d i s e a s e  
r e s i s t a n c e  w a s  s tu d ie d  in  a  ra n d o m iz e d  b lo c k  d e s ig n  in  w h ic h  1 , 0 0 0
p o u n d s  p e r  a c r e  o f  c o m m e rc ia l  8 - 8 - 8  f e r t i l i z e r  w e re  a p p l ie d  in  th e  row
' ®
v i i
w ith  ad d itio n a l fe r ti liz e r  added  a s  s id e  d re s s in g . The supplem entary  
trea tm en ts  w ere: 1) 480 lb s /A  of P , 2) 480 Ibs/A  of K, 3) 480 lb s/A  
of N , and 4) 480 lb s/A  of each  N , P , and K. The con tro l had no su p p le ­
m entary fe r t i l iz e r . The d a ta  in d ica ted  th a t the  high ra te  of nitrogen 
w as a s so c ia te d  w ith  the  d is e a s e  r e s is ta n c e . H ow ever, w hen sig n ifican t 
con tro l of th e  d is e a s e  w as o b ta in ed , th ere  w as a lso  a s ig n ifican t re ­
duction  in  th e  y ie ld s  of m arketable fruxt.
In  laboratory  t e s t s  s tra in s  of X. v e s ic a to r ia  re s is ta n t  to  s tre p to ­
m ycin su lfa te  and cupric  Omadine w ere iso la te d  from zones of inh ib ition  




B e ll p e p p e r ,  C a p s ic u m  an n u u m  L . ,  i s  th e  m o s t im p o r ta n t  o f  th e  
m any  ty p e s  o f  p e p p e rs  g ro w n  in  th e  U n ite d  S t a t e s ,  b o th  in  q u a n t i ty  
p ro d u c e d  a n d  in  e c o n o m ic  v a lu e .  I t  i s  g ro w n  in  e v e ry  s t a t e  o f  th e  
U n ite d  S t a t e s  a n d  o v e r  2 ,5 0 0  c a r lo a d s  o f f ru i t  a r e  s h ip p e d  e a c h  y e a r  
from  a b o u t 15 s t a t e s .  A lth o u g h  o n ly  a b o u t 4 2 ,0 0 0  a c r e s  o f  b e l l  p e p p e r s  
a re  g ro w n  a n n u a l ly ,  th e  v a lu e  i s  e s t im a te d  to  b e  m ore th a n  $ 2 2 , 0 0 0 , 0 0 0
S t .  J a m e s ,  T a n g ip a h o a , a n d  L iv in g s to n  P a r i s h e s  a r e  t h e  p r in c ip a l  
b e l l  p e p p e r  p ro d u c in g  a r e a s  in  L o u is ia n a .  A c c o rd in g  to  t h e  U n ite d  
S t a te s  D e p a r tm e n t o f  A g r ic u ltu re  (1 ) ,  a n  a v e r a g e  o f  2 ,3 8 0  a c r e s  w e re  
g ro w n  in  L o u is ia n a  a n n u a l ly  d u rin g  th e  p e r io d  1 9 4 9 -1 9 5 8 . T h e  s a l e  
o f th e  p e p p e r s  r e p r e s e n te d  a n  a v e ra g e  a n n u a l  in c o m e  o f  o v e r  $ 7 7 5 ,0 0 0  
to  th e  lo c a l  f a r m e rs .  H o w e v e r , d e s p i te  th e  h ig h  e c o n o m ic  v a lu e  o f  th e  
b e l l  p e p p e r  in d u s t r y ,  b o th  th e  a c r e a g e  a n d  p ro d u c tio n  h a v e  d e c l in e d  fo r 
s e v e r a l  y e a r s .  T he c o n tr ib u tin g  f a c to r s  fo r t h i s  r e d u c t io n  h a v e  b e e n  
p la n t  d i s e a s e s ,  i n s e c t s ,  p o o r h o r t ic u l tu r a l  p r a c t i c e s ,  a n d  la c k  o f  
i r r ig a t io n  f a c i l i t i e s .
B a c te r ia l  l e a f  s p o t  (P la te  1 ) , c a u s e d  b y  X a n th o m o n a s  v e s i c a to r i a  
(D o id g e ) D o w so n  (1 2 , 1 3 , 1 5 , 33) o c c u r s  w h e re v e r  b e l l  p e p p e r s  a r e
C
g ro w n  a n d  i s  p ro b a b ly  th e  m o s t s e r io u s  d i s e a s e  o f  t h i s  v e g e ta b le  c r o p .  
A ll p a r t s  o f  th e  p la n t  a b o v e  g ro u n d , in c lu d in g  l e a f ,  s t e m ,  a n d  f ru i t  
a re  a f f e c t e d .  I n f e c t io n  o c c u r s  m ore r e a d i ly  a n d  i s  m o st s e r io u s  d u r in g
1
co n tin u o u sly  w et w eather; how ever, th e  d is e a s e  may c a u se  c o n sid e rab le  
dam age even  during dry s e a s o n s .  S ince  th e  b a c te r ia  invade  th e  fru it, 
se ed  con tam ination  is  a lm ost c e r ta in  to  occu r during h a rv e s t of th e  s e e d . 
There a re  no rep o rts  in  th e  lite ra tu re  of e ffec tiv e  con tro l m easu res for 
b a c te r ia l  le a f  spo t by any sp ray  or d u s t trea tm en t of th e  p la n ts .
A lthough num erous a ttem p ts to  con tro l th e  d is e a s e  have b een  u n ­
su c c e s s fu l  (14 , 2 3 , 34), som e w orkers have in d ic a te d  th a t p a rtia l 
con tro l cou ld  be o b ta in ed  w ith  strep tom ycin  (9 , 10, 25 , 40) or high 
ra te s  of com m ercial fe r t i liz e rs  (11, 38 , 4 1 , 42).
The work repo rted  in  th e s e  s tu d ie s  w as d esig n ed  to  determ ine 
if  th e  bacterium  w as cap ab le  o f o v e r-se a so n in g  under L ou isiana  fie ld  
c o n d itio n s , to  find  any econom ically  a v a ila b le  a n tib io tic s  or chem ica ls  
th a t w ould con tro l b a c te r ia l  le a f  s p o t, to  study  th e  e ffe c t of high 
fe r t i liz e r  ra te s  on fru it p ro d u ctio n , and  to  a s c e r ta in  th e  e lem ent in  
com m ercial fe r ti l iz e r  re sp o n s ib le  for th e  r e s is ta n c e .
REVIEW O F LITERATURE
A bout 2 ,0 0 0  a c r e s  o f  b e l l  p e p p e r s  a r e  g ro w n  c o m m e rc ia l ly  in  
c e r t a in  a r e a s  o f  L o u is ia n a  a n d  4 0 ,0 0 0  a c r e s  a r e  g ro w n  in  t h e  U n ite d  
S t a t e s .  T he  fo rm er p ro v id e  a n  a n n u a l  g r o s s  in c o m e  o f  a p p ro x im a te ly  
t h r e e - q u a r t e r s  o f  a  m il l io n  d o l la r s  fo r  th e  l o c a l  p e p p e r  fa rm e rs  ( 1 , 2 8 ) .
T h ere  a re  m any  f u n g a l ,  b a c t e r i a l ,  v i r a l ,  a n d  n o n p a r a s i t ic  d i s e a s e s  
o f  b e l l  p e p p e r s  (2 , 3 3 ,  3 4 , 3 5 ) .  T he m o st com m on in  L o u is ia n a  h a v e  
b e e n ,  h o w e v e r ,  b a c t e r i a l  s p o t  c a u s e d  b y  X an th o m o n as  v e s i c a t o r i a . 
w h ic h  a l s o  a t t a c k s  to m a to e s  (1 7 , 1 8 , 37), a n d  C e rc o s p o ra  l e a f  s p o t 
c a u s e d  b y  C e rc o s p o ra  c a p s i c i  H e a ld  a n d  W o lf .
B a c te r ia l  l e a f  s p o t  w a s  f i r s t  o b s e rv e d  in  T e x a s  in  1912 b y  H e a ld  
a n d  W o lf  (1 9 ) .  T h ey  r e p o r te d  t h a t  th e  l e a v e s  h a d  s m a l l ,  e l e v a t e d ,  
b ro w n  s p o ts  a n d  th a t  th e  p u s tu l e s  fo rm ed  w e re  f i l l e d  w i th  b a c te r ia ;  
h o w e v e r ,  th e y  m ad e  no  a tte m p t to  id e n t i fy  th e  c a u s a l  o r g a n is m .
f
T he n e x t re p o r t  o f  b a c t e r i a l  l e a f  s p o t  w a s  b y  S h e rb a k o f f  i n  1917 (3 6 ) .
H e i s o l a t e d  a  y e l lo w -p ig m e n te d  b a c te r iu m  from  th e  l e s io n s  o n  l e a v e s ,  
f r u i t ,  a n d  s t e m s .  In  in o c u la t io n  e x p e r im e n ts  w ith  fo u r  s t r a in s  o f  t h e  
b a c te r iu m  th e  o rg a n is m  p ro d u c e d  ty p ic a l  l e s i o n s . T h is  in d ic a t e d  th a t  
th e  o rg a n is m  i s o l a t e d  w a s  d e f in i te ly  th e  c a u s e  o f  b a c t e r i a l  l e a f  s p o t .
N o d e s c r ip t io n  o f  th e  b a c te r iu m  w a s  g iv e n  e x c e p t  t h a t  i t  p ro d u c e d  a  
y e llo w  p ig m e n t a n d  g rew  w e l l  o n  n u tr ie n t  a g a r .  T h e  d i s e a s e  s p r e a d  
r a p id ly  i n  th e  f i e ld  d u rin g  c o n t in u o u s ly  w e t  w e a th e r .
3
The c a u s a l  o rgan ism  of b a c te r ia l  le a f  spo t w hich  w as o rig in a lly  
is o la te d  from tom ato  fru it w as f irs t d e sc rib e d  by D oidge (12 , 13) in  
South A frica in  1920 a s  Bacterium  v e s ic a to r iu m . G ardener and 
Kendrick (17) a ls o  d e sc rib e d  the  b a c te r ia l  spo t d is e a s e  of tom ato 
in  1921 in  Ind iana  and nam ed th e  c a u s a l  organism  Bacterium  ex itio su m , 
n .  s p . ;  how ever, in  1923 th ey  ag reed  w ith  D oidge in  th e  nom enclature 
of th e  organism  (18). H igg ins (21) gave  a com plete  d e sc rip tio n  of th is  
d is e a s e  on Pim ento peppers and m ade a thorough study  of th e  c a u sa l 
organism  in  G eorg ia  in  1922. He q u e s tio n e d  th e  id en tity  of the  
organism  d e sc rib e d  by D oidge b e c a u se  some of th e  p h y sio lo g ica l 
re a c tio n s  e x h ib ited  by th e  organism  w ith  w hich he w as w orking w ere 
d iffe ren t from th o se  d e sc rib e d  by D o idge . The apparen t d isc rep an cy  
is  u n d e rs tan d ab le  b e c a u se  rec en t re se a rc h  h a s  show n th a t th e re  a re  
p h y s io lo g ic a l s tra in s  o f th is  o rgan ism  (40).
In  1939 D ow son (15) e s ta b lis h e d  a new g e n u s , X anthom onas. 
for som e of th e  p lan t pa thogen ic  b a c te r ia .  The d is tin g u ish in g  c h a ra c ­
te r i s t ic s  of b a c te r ia  w hich  belong to  th is  genus are : a) p lan t 
p a th o g e n ic , b) g ra m -n e g a tiv e , c) ro d -sh a p e d , d) nonspore  form ing, 
e) m otile  by m eans of one p o lar flagellum  (rare ly  two p resen t) or 
nonm otile , f) ye llow  in  m ass on n u trien t ag ar and on p o ta to , on both 
o f w h ich  abundan t slim y grow th i s  form ed, and  g) nonacid  forming in  
s a l ic in ,  a  b i tte r  w h ite  c ry s ta ll in  g lu c o s id e .
B acte ria l le a f  spo t c a u se s  se v e re  in ju ry  to  sw ee t peppers but 
i s  not a s  se rio u s  on hot p e p p e rs . W hen in fec tio n  occu rs  on young
l e a v e s  o f  th e  p e p p e r ,  th e  s p o ts  f i r s t  a p p e a r  a s  w a te r  s o a k e d  a r e a s  a n d  
b e c o m e  y e l lo w - g r e e n  a n d  s l ig h t ly  e ru m p a n t o n  th e  lo w e r  s u r f a c e .  O n 
o ld e r  l e a v e s  th e  s p o ts  b e c o m e  d a rk  b ro w n  a n d  a r e  n o t n o t ic e a b ly  
r a i s e d .  If  th e r e  a re  m any  l e s io n s  th e y  re m a in  s m a ll  a n d  d a rk  in  
c o lo r  (P la te  1 ) . S e v e re ly  s p o t te d  l e a v e s  tu rn  y e llo w  a n d  d ro p  le a v in g  
th e  e x p o s e d  f ru it  t o  s u n s c a l d .  I n f e c te d  s e e d l in g s  m ay lo s e  n e a r ly  a l l  
t h e i r  f o l ia g e  a n d  so m e  s p o ts  o c c a s io n a l ly  o c c u r  o n  t h e  s t e m .  O n  th e  
f ru it  t h e  s p o ts  a re  r a i s e d ,  c r a c k e d ,  a n d  w a r t - l i k e  (1 4 , 4 3 ) .
B a c te r ia l  l e a f  s p o t  o f p e p p e r  h a s  b e e n  d i f f ic u l t  to  c o n t r o l .  A ll 
v a r i e t i e s  o f s w e e t  p e p p e rs  a r e  s u s c e p t ib l e  to  t h e  d i s e a s e .  F u n g ic id e s  
a re  o n ly  p a r t i a l ly  e f f e c t iv e  a s  a  c o n tro l  m e a s u re  a n d  th e r e f o re  h a v e  
n o t b e e n  u s e d  e x t e n s i v e l y .  C o n s e q u e n t ly ,  t h e  u s e  o f  d i s e a s e - f r e e  
s e e d ,  s e e d  t r e a tm e n t ,  a n d  f ie ld  s a n i t a t i o n  h a v e  b e e n  re c o m m e n d e d  
fo r th e  c o n tro l  o f  b a c t e r i a l  l e a f  s p o t .  T h e s e  m e a s u re s  h a v e  b e e n  
in a d e q u a te  fo r th e  c o n tro l  o f th e  d i s e a s e  in  s e a s o n s  fa v o ra b le  fo r  
i t s  d e v e lo p m e n t .  A tte m p ts  to  c o r r e la te  t h e  s o u rc e  o f p e p p e r  p la n t s  
o r c ro p p in g  s y s te m s  w ith  d i s e a s e  d e v e lo p m e n t u s u a l ly  h a v e  f a i l e d  
(3 9 ) .
In  1 9 2 2 , H ig g in s  (21) r e p o r te d  t h a t  s e e d  t r e a tm e n t  w i th  a  
1 : 1 , 0 0 0  s o lu t io n  o f  m e rc u r ic  c h lo r id e  fo r  tw o  m in u te s  e f f e c t iv e ly  
c o n tr o l le d  b a c t e r i a l  l e a f  s p o t .  M u llin  (29) a l s o  r e p o r te d  t h a t  s e e d  
t r e a tm e n t  w i th  a  1:2 , 0 0 0  s o lu t io n  o f  b ic h lo r id e  o f m erc u ry  fo r  f iv e  
m in u te s  g a v e  e x c e l l e n t  c o n tro l  o f  th e  d i s e a s e .  H ig g in s  (21) fo u n d  
th a t  g o o d  c o n tr o l  w a s  o b ta in e d  w h e n  th e  p la n t s  w e re  s p r a y e d  fo u r
tim es w ith  Bordeaux m ixture a f te r  th e  d is e a s e  had  becom e e s ta b lis h e d  
in  th e  f ie ld .
For th e  p a s t  se v e ra l y e a rs  th e  a p p lic a tio n  of a n tib io tic s  in  
ag ricu ltu re  h as  b een  rap id ly  ex p an d in g . The u se  of strep tom ycin  
and  cyclohex im ide  (Actidione) in  th e  p ra c tic a l con tro l of c e rta in  
b a c te r ia l  and  fungal d is e a s e s  of p la n ts  i s  w ell know n, and com m ercial 
p rep a ra tio n s of th e s e  a n tib io tic s  a re  on th e  m arke t.
One o f th e  e a r l ie s t  rep o rts  of th e  con tro l of a  p lan t d is e a s e  
by th e  u se  o f a  known a n tib io tic  w as w ritte n  by Brown and Boyle (4 ,
5) in  1944. W hen "crude p e n ic illin "  w as in je c te d  in to  g a lls  produced 
bv A arobacterium  tu m efac ien s (E. F . Sm . and Towns) Conn on 
Brvophvllum s p . , th e  a n tib io tic  stopped  the  grow th of th e s e  tu m o rs .
No e v id en ce  for an  a n tib io tic  e ffec t of p e n ic il l in  on th e  pathogen  
in v iv o  w as rep o rte d , and la te r  s tu d ie s  in d ic a te d  th a t th e  e ffec t w as 
la rg e ly  on th e  h o s t g a ll t i s s u e  (3 , 45 ).
In  1952, M urneek (30) repo rted  th a t he  had o b ta in ed  50% con tro l 
o f fire  b lig h t of a p p le s  by u se  of s trep tom ycin  sp ra y . The m ateria l 
w as a p p lied  w hen th e  tre e s  w ere  a t th e  50% b lossom  s ta g e .  H euberger 
and P au lo s (20) o b ta in ed  abou t 55% con tro l of b a c te r ia l  le a f  spo t b a se d  
on th e  av erag e  num ber of d is e a s e d  le a v e s  in  th e  seed b ed  w hen he u sed  
A gri-m ycin  (22.2%  strep tom ycin  and  2.2%  terram ycin) a t th e  ra te  of 
300 ppm strep tom ycin  and 30 ppm te rram y c in .
C ro ssa n  and  Krupka (10) and  Krupka and C ro ssa n  (25) con tro lled
b a c t e r i a l  l e a f  s p o t  s ig n i f ic a n t ly  w h e n  th e y  s p r a y e d  p e p p e r  p la n t s  w ith  
25 0  ppm  o f  A g r i-m y c in . T hey  a l s o  s t a t e d  t h a t  t h e  a n t ib io t i c  w a s  
b a c t e r i o s t a t i c  r a th e r  th a n  b a c te r i c id a l  b e c a u s e  th e y  w e re  a b le  to  
i s o l a t e  th e  o rg a n is m  from  w ith in  z o n e s  o f  c l e a r  a g a r  p ro d u c e d  a ro u n d  
s t r e p to m y c in  im p re g n a te d  p a p e r  d i s c s  t h a t  w e re  p la c e d  o n  th e  a g a r  
s u r f a c e  o f  p l a t e s  s e e d e d  w ith  th e  b a c te r iu m . W h e n  s a m p le  p i e c e s  
o f  a g a r  from  th e  c l e a r  a r e a s  w e re  s e e d e d  in  b ro th  t u b e s , th e  o rg a n is m  
q u ic k ly  re s u m e d  g ro w th . T h is  in d ic a te d  to  th e m  th a t  a  b a c t e r i o s t a t i c  
a c t io n  a g a in s t  X . v e s i c a to r i a  w a s  o b ta in e d  a t  250  ppm  A g r i-m y c in .
E n g lis h  a n d  V a n H a lse m a  (16) r e p o r te d  th e  d e v e lo p m e n t o f 
r e s i s t a n t  s t r a in s  o f  JC. v e s i c a to r i a  in  v i t r o . T he a u th o r s  m ad e  s e r i a l  
t r a n s f e r s  o f th e  o rg a n is m  s u b je c t in g  i t  t o  p r o g r e s s iv e ly  g r e a te r  c o n ­
c e n t r a t io n s  o f  s tr e p to m y c in  a n d  te r r a m y c in .
T h a y e r  a n d  S t a l l  (40) r e p o r te d  t h a t  s t r a in s  o f  X . v e s i c a to r i a  
i s o l a t e d  from  to m a to  a n d  p e p p e r  in  F lo r id a  sh o w e d  v a r ia t io n  in  c o lo n y  
t y p e ,  p h y s io lo g y ,  a n d  s u s c e p t ib i l i t y  to  s t r e p to m y c in .  F o u r i s o l a t e s , 
w h ic h  d if f e r e d  in  s u s c e p t ib i l i t y  in  th e  i n  v i tro  t e s t s . w e re  u s e d  to  
m e a s u re  th e  e f f e c t iv e n e s s  o f s t r e p to m y c in  fo r  th e  c o n tro l  o f  th e  
b a c te r iu m  o n  f ie ld  g ro w n  p l a n t s .  Two i s o l a t e s  w h ic h  w e re  r e l a t iv e ly  
s u s c e p t ib l e  to  s t r e p to m y c in  in  in  v i tro  t e s t s . w e re  c o n tr o l le d  b y  
s t r e p to m y c in  s p r a y s  in  th e  f ie ld ;  w h e r e a s ,  tw o  i s o l a t e s ,  w h ic h  w e re  
l e s s  s u s c e p t ib l e  to  s t r e p to m y c in  i n  in  v i tro  t e s t s ,  w e re  n o t c o n t r o l l e d .
R e c e n t ly ,  s e v e r a l  r e p o r t s  h a v e  im p lie d  t h a t  b a c t e r i a l  l e a f  s p o t  
c o u ld  b e  c o n tr o l le d  b y  h ig h  r a t e s  o f  f e r t i l i z e r .  N ay u d u  a n d  W a lk e r
(31 , 32) have show n th a t h igh  le v e ls  o f n itro g en , p h o sp h o ru s , and  
p o tass iu m  reduced  b a c te r ia l  spo t on tom ato  in  co n tro lled  nu trien t 
c u l tu re s .
Taylor and  D obson (39) and T aylor (38) com pared th e  s u s c e p ­
t ib i l i ty  o f u n fe rtiliz e d  f ie ld  grown p la n ts  to  fe r ti liz e d  on es w hich  
rece iv ed  N -P2O5 -K2O a t th e  ra te s  of 7 5 -7 5 -7 5 , 150 -1 5 0 -1 5 0 , 
3 0 0 -3 0 0 -3 0 0 , 6 0 0 -6 0 0 -6 0 0 , and 1200-1200-1200  pounds per a c re .
The a v erag e  num ber o f le a v e s  lo s t  p e r p lan t w as 19 .6  for u n fe rtiliz ed  
p la n ts  and  1 2 .2 , 9 .6 ,  6 . 6 , 1 .3 ,  and  1 .4 ,  r e s p e c tiv e ly , for p lo ts  
w ith  in c re a se d  ra te s  of f e r t i l iz a tio n . They found no c o rre la tio n  
be tw een  b a c te r ia l  le a f  sp o t developm ent and th e  am ounts of n itro g en , 
phosphoric  a c id , o r p o tash  in  th e  pepper le a v e s .
C ro ssa n  e t a l .  (11) ob ta in ed  d a ta  w hich strong ly  in d ic a te d  
th a t th e  u se  of a  com plete  fe r t i liz e r  to  g ive  abou t 120 to  150 pounds 
of n itro g e n , p h o sp h o ru s , and  p o tassiu m  per ac re  w ould m ateria lly  
reduce  d e fo lia tio n  c a u se d  by b a c te r ia l  le a f  spo t in fe c tio n . G reenhouse  
t e s t s  by Tow nsley and  C ro ssa n  (41 , 42) during 1960-1961 in d ic a te d  
th a t h igh  fe r tility  le v e ls  re ta rd ed  th e  n ec ro tic  symptom e x p re ss io n  
and d e la y ed  th e  a b s c is s io n  o f pepper le a v e s  in fec te d  w ith  X. 
v e s ic a to r ia  but d id  not red u ce  th e  se v e rity  of le a f  sp o tt in g .
MATERIALS AND METHODS
D uring  1961 a n d  1962 a t te m p ts  w e re  m ad e  to  d e te rm in e  w h e th e r  
o r n o t th e  b a c te r iu m , X» v e s i c a t o r i a . w a s  c a p a b le  o f o v e r - s e a s o n in g
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u n d e r  f i e ld  c o n d i t io n s  in  L o u is ia n a .  S e e d  o b ta in e d  from  d i s e a s e - f r e e  
p la n t s  g ro w n  th e  p re v io u s  y e a r  in  S t .  J a m e s  P a r i s h  w e re  p la n te d  in  a  
c o ld f ra m e  i s o l a t e d  from  a l l  o th e r  p e p p e r  p l a n t s . F la ts  f i l l e d  w i th  a  
2 - 1 -1  m ix tu re  o f  s o i l ,  s a n d ,  a n d  p e a t  m o ss  w e re  p la c e d  in  t h e  c o ld -  
fram e  a n d  th e n  fu m ig a te d  w ith  m e th y l b ro m id e  (D ow  M C -2 )  i n  o rd e r  
to  a v o id  c o n ta m in a t io n .  In  1 9 6 2 , a s  a  c h e c k ,  250  p la n t s  g ro w n  in  
t h i s  m a n n e r w e re  s e t  30 m ile s  from  a n y  k n o w n  c o m m e rc ia l  p e p p e r s  a t  
th e  Id le w i ld  E x p e rim e n t S ta t io n  n e a r  C l in to n ,  L o u is ia n a ,  to  in s u r e  
d i s e a s e - f r e e  p e p p e r s .
In  1 9 6 1 , a p p ro x im a te ly  9 ,0 0 0  d i s e a s e - f r e e  p la n t s  w e re  t a k e n  
to  a  lo c a t io n  n e a r  H e s t e r ,  L o u is ia n a ,  w h e re  th e y  w e re  s e t  in  a  c u t  o f  
la h d  o n  w h ic h  b e l l  p e p p e r s  in f e c te d  w ith  b a c t e r i a l  l e a f  s p o t  h a d  b e e n  
g ro w n  th e  p re v io u s  y e a r .  T h ir te e n  h u n d re d  p la n t s  w e re  a l s o  s e t  in  a  
f i e ld  a t  P o n c h a to u la ,  L o u is ia n a ,  in  s o i l  i n  w h ic h  in f e c te d  p e p p e r s  
h a d  b e e n  g ro w n  in  1 9 5 9 . A p p ro x im a te ly  6 00  p la n t s  in  th r e e  ro w s  
w e re  s e t  a t  t h e  L o u is ia n a  S ta te  U n iv e r s i ty  E x p e rim e n t S ta t io n ,
P e rk in s  R oad  F a rm , B a to n  R o u g e , w h e re  d i s e a s e d  p la n t s  w e re  g ro w n  
th e  p re v io u s  y e a r .  A s a  c o n t r o l ,  a  row  o f  150 p la n t s  w a s  s e t  a p ­
p ro x im a te ly  200  y a rd s  a w a y  in  s o i l  i n  w h ic h  th e r e  w a s  no  r e c o r d  o f  
p e p p e r s  h a v in g  b e e n  g ro w n  p r e v io u s ly .
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In  1962, 500 d is e a s e - f r e e  p la n ts  w ere  taken to  each  of five 
lo c a tio n s  A, B, C , D , and E in  S t . Jam es P a rish . The p la n ts  a t 
lo c a tio n s  A, B, C , and D w ere se t  in  a re a s  is o la te d  from o ther pepper 
p la n ts  and  in  s o il  w h ich  had  produced peppers in fe c te d  w ith  b a c te r ia l  
le a f  spo t th e  p rev ious y e a r .  At lo ca tio n  E, 500 pepper p la n ts  w ere  
se t  a d ja c e n t to  a  com m ercial pepper p lan ting  in  an  a rea  in  w hich 
b a c te r ia l  le a f  spo t had  not appeared  during th e  preced ing  y e a r .
On Ju ly  1, 1960, four f iv e -g a llo n  g laz ed  crocks w ere filled  
w ith  s te r il iz e d  g reen house  so il  and  in fe s te d  w ith  pepper le a v e s  in ­
fec ted  w ith  b a c te r ia l  le a f  s p o t. T hese c rocks w ere  p la c e d  in  th e  g re e n ­
h o u se  and  b ean s  w ere  k ep t growing in  th e  so il  u n til D ecem ber. On 
D ecem ber 14, January  17, February 16, M arch 6 , April 28 , and 
May 3 0 , tw o f la ts  w ere  f i lle d  w ith  so il  ta k e n  from th e s e  c rocks and 
d is e a s e - f r e e  pepper se ed  w ere  p lan ted  in  th em . T hese f la ts  w ere 
p lac ed  o u ts id e  w here th e  so il  cou ld  be sp la sh e d  on th e  le a v e s  by th e  
ra in  or by w a te r from a h o s e .  On January  26 , February 16, April 10,
May 19, and  June 22 a ttem p ts  w ere m ade to  is o la te  th e  bacterium  in  
a  to ta l  of 500 d ilu tio n  p la te s  acco rd ing  to  th e  m ethod d e sc rib e d  by 
Johnson e t a l .  (24).
In  July 1961, te n  f iv e -g a llo n  c ro ck s w ere  f ille d  w ith  so il w hich 
w as m ixed w ith  p la n ts  se v e re ly  in fe c te d  w ith  b a c te r ia l  le a f  spo t from 
th e  P erk ins Road Farm . In  a d d itio n  to  th e  in fe c te d  p la n ts ,  a  cu ltu re  
of X. v e s ic a to r ia  w as added  to  each  c ro c k . T hese  c ro ck s w ere th e n  
p lac ed  in  th e  a u th o r 's  b a ck y a rd . On April 3 , 1962 five d is e a s e - f r e e
p e p p e r  p la n t s  w e re  t r a n s p la n te d  to  e a c h  o f  e ig h t  c r o c k s .  T h re e  o f  t h e  
p la n t s  in  e a c h  c ro c k  w e re  re m o v e d  in  Ju n e  a n d  th e  tw o  re m a in in g  p la n t s  
w e re  m a in ta in e d  u n t i l  S e p te m b e r ,  1 9 6 2 . D u rin g  t h i s  t im e ,  th e  p la n t s  
w e re  w a te r e d  s o  t h a t  t h e  s o i l  w a s  s p l a s h e d  o n  th e  l e a v e s . In  a d d i ­
t i o n ,  a p p ro x im a te ly  e v e ry  tw o  w e e k s  a  m uddy  s lu r ry  o f  t h e  s o i l  w a s  
s p r e a d  o v e r  th e  l e a v e s  o f  th e  p l a n t s .  O n e  h u n d re d  s o i l  d i lu t io n  p l a t e s  
w e re  m ad e  from  t h i s  s o i l  o n  D e c e m b e r  2 0 ,  F e b ru a ry  1 , a n d  M a rc h  2 6 ,  
in  a t te m p ts  to  i s o l a t e  th e  o rg a n is m .
D u rin g  1 9 6 1 , a  p re lim in a ry  f ie ld  t r i a l  w a s  c o n d u c te d  w i th  fo u r 
c h e m ic a ls  (T ab le  I) w h ic h  w e re  r e p o r te d  b y  th e i r  p ro d u c e rs  t o  p o s s e s s  
b a c t e r i c id a l  p r o p e r t i e s .  T h e s e  c h e m ic a ls  w e re  a p p l ie d  to  p e p p e r  
p la n t s  in  a  ra n d o m iz e d  b lo c k  d e s i g n .  F our r e p l i c a te d  p lo ts  w e re  
u s e d ,  e a c h  o f w h ic h  c o n ta in e d  20 p l a n t s .  T h re e  g a l lo n s  o f  s p ra y  
p e r  t r e a tm e n t  w e re  a p p l ie d  o n  A p ril 5 ,  1 2 , a n d  20  w ith  a  M o d e l 335D  
t h r e e - g a l lo n  H u d s o n  h a n d  s p r a y e r ,  a n d  fo u r g a l lo n s  o f  s p ra y  p e r  t r e a t ­
m en t w e re  a p p l ie d  o n  A p ril 2 8 ,  M ay  1 1 , 1 8 , a n d  2 5 , J u n e  2 ,  9 ,  1 5 , 
a n d  2 8 ,  a n d  Ju ly  5 w i th  a  M o d e l 3 3 -C  1 5 - g a l lo n  Jo h n  B e an  S p r a y e r .  
T h e s e  p la n t s  w e re  in o c u la te d  w ith  X . v e s i c a to r i a  o n  M ay  11 w ith  a  
t h r e e - g a l lo n  h a n d  s p r a y e r .
D i s e a s e  r a t in g s  w e re  m ad e  o n  Ju ly  8 ,  b y  t h e  m e th o d  sh o w n  
in  T a b le  I I .
D u rin g  th e  s p r in g  o f  1 9 6 2 , 23 a n t i b i o t i c s  a n d  99 c h e m ic a ls  
w e re  s c r e e n e d  in  v i t r o  to  d e te rm in e  i f  th e y  p o s s e s s e d  a n y  in h ib i to ry  
e f f e c t  o n  X . v e s i c a to r i a  b v  th e  f i l t e r  p a p e r  d i s c - a g a r  d i f f u s io n  m e th o d .
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T able I .  C hem ica ls  and co n cen tra tio n  of e ac h  u sed  in  1961 fie ld  t e s ts
C hem ical
C o n cen tra tio n  of 
a c tiv e  m ateria l
1. EP-166 (97% 9 -) p -n -h ex y lo x y p h e n y l)-
ppm
10-m eth y l-acrid in u m  chloride) 400
2 . N abac 25 (25% 2 ,2 ' m ethy leneb is
(3 ,4 ,6  -trich lo ropheno l) 1 ,000
3 . S ep tigard  25 (10% a lk y l to ly l m ethyl
trim ethy l ammonium ch lo rid es) 1,000*
4 . P reven to l GD (96% d ih y ro x y -d ich lo ro -
diphenylm ethane) 1 ,000
*On June 9 th e  c o n cen tra tio n  of S ep tigard  w as reduced  to  500 ppm 
b e c a u se  of i t s  phy to tox ic  e ffec t on th e  p la n ts .
T able I I .  M ethod of d is e a s e  rating
R ating____________________________ Amount of in fec tio n __________________
0 No in fec tio n
1 Trace of in fec tio n ; up to  1 /4  p lan ts  in fec te d
2 1 /4 -3 /4  of p la n ts  in fec ted ; no d e fo lia tio n
3 3 /4  to  a l l  p la n ts  in fe c te d  w ith  only a  tra c e
of d e fo lia tio n
4 Every p lan t in fe c te d  w ith  l i t t le  d e fo lia tio n
5 Every p lan t in fe c te d  and p a rtia lly  d e fo lia ted
A 4 8 -h o u r  c u l tu r e  o f  X . v e s i c a to r i a  g ro w n  a t  room  te m p e ra tu re  i n  p o ta to  
d e x tro s e  b ro th  w a s  m ix ed  w ith  p o ta to  d e x t r o s e  a g a r  w h ic h  w a s  p re p a re d  
from  th e  l iq u id  o f  200  g ra m s  o f  b o i le d  p o t a t o e s ,  17 g ra m s o f  a g a r ,  a n d  
s u f f ic ie n t  w a te r  to  b r in g  th e  v o lu m e  up  to  o n e  l i t e r .  A p p ro x im a te ly  
30 ml o f th e  m ed ium  a n d  b a c te r i a  w e re  p o u re d  in to  e a c h  p e t r i  d i s h .
D i s c s ,  1 2 .7  mm in  d ia m e te r ,  m ad e  from  S c h le ic h e r  a n d  S c h u l l  A n a ly tic a l  
F i l t e r  P a p e r  w e re  s o a k e d  fo r a n  h o u r in  th e  m a te r ia l  t o  b e  t e s t e d .  E a c h  
a n t ib io t i c  a n d  c h e m ic a l  w a s  d i lu te d  to  5 00  ppm  a c t iv e  m a te r i a l .  Tw o 
p e tr i  d i s h e s  w h ic h  c o n ta in e d  th r e e  d i s c s  e a c h  w e re  u s e d  to  t e s t  e a c h  
m a te r ia l  in  th e  s c r e e n in g  p r o c e s s .  D a ta  r e p r e s e n t in g  in h ib i to ry  a c t iv i ty  
o f th e  m a te r ia ls  w e re  t a k e n  a f t e r  3 6 -4 0  h o u rs  a t  room  te m p e r a tu r e ,  w h ic h  
ra n g e d  from  a p p ro x im a te ly  2 5 °  to  3 0 ° C . T he d ia m e te r s  o f  th e  c i r c l e s  o f 
in h ib i t io n  l e s s  th e  d ia m e te r  ( 1 2 .7  mm) o f  th e  f i l t e r  p a p e r  d i s c s  w e re  th e  
m e a s u re m e n ts  r e c o r d e d .  S e v e n  o f  th e  a n t ib io t i c s  a n d  52 o f  t h e  c h e m i­
c a l s  t h a t  in h ib i te d  th e  g ro w th  o f  .X. v e s i c a to r i a  to  v a ry in g  d e g re e s  w e re  
th e n  t e s t e d  a t  a  c o n c e n tr a t io n  o f  100 ppm  a c t iv e  m a te r i a l .
E ig h t o f  t h e s e  m a te r ia ls  w h ic h  in h ib i te d  th e  g ro w th  o f th e  o rg a n is m  
to  th e  g r e a t e s t  e x te n t  a n d  w h ic h  w e re  re p o r te d  to  b e  th e  l e a s t  p h y to to x ic  
w e re  u s e d  in  f i e ld  t e s t s . T he m a te r ia ls  a n d  th e  c o n c e n t r a t io n s  a t  
w h ic h  th e y  w e re  a p p l ie d  to  p e p p e r  p la n t s  i n  a  ra n d o m iz e d  b lo c k  
d e s ig n  a re  g iv e n  in  T a b le  I I I .  F our r e p l i c a te d  p l o t s ,  e a c h  o f  w h ic h  
c o n ta in e d  20 p l a n t s ,  w e re  u s e d .  F our g a l lo n s  o f  s p ra y  w e re  a p p l ie d  
o n  M a y  1 1 , 1 8 , a n d  25 a n d  Ju n e  4 ,  1 2 , 2 0 ,  a n d  26 w ith  a  M o d e l 3 3 -C  
15 - g a l lo n  Jo h n  B e an  S p ra y e r  fo r  a l l  t h e  t r e a tm e n ts  e x c e p t  s t r e p to m y c in
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T able I I I .  M a te ria ls  and  c o n cen tra tio n  of each  u sed  in  1962 f ie ld  t e s ts
M ateria l______________________________ C o n cen tra tio n  of a c tiv e  m ateria l
ppm
1 . N eom ycin su lfa te 200
2 . S trep tom ycin  su lfa te 200
3 . A gri-m ycin  17 200
4 . DAC 649 200
5 . N urelle 300
6 . WO 4778 4
7 . N iagara  9130 200
8 . C upric  O m adine 1 ,200
9 . C upric  O m adine + 1 ,200  ppm lim e 1 ,200
10 . C on tro l
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s u l f a te  a n d  n e o m y c in  s u l f a te  w h ic h  w e re  a p p l ie d  w i th  a  M o d e l 9B tw o -  
g a l lo n  H u d so n  h a n d  s p r a y e r  a f t e r  d a rk  o n  th e  s a m e  d a t e s .  I n  c a s e  o f 
t r e a tm e n ts  e ig h t  a n d  n in e ,  O m a d in e  M n s a l t  w a s  fo u n d  to  g iv e  a  h ig h  
d e g re e  o f  in h ib i t io n  a g a in s t  X . v e s i c a to r i a  in  v i tro ;  h o w e v e r ,  i t  w a s  
s u g g e s te d  b y  O lin  M a th ie s o n  C h e m ic a l  C o rp .  t h a t  c u p r ic  O m a d in e  
b y  i t s e l f  a n d  in  c o m b in a t io n  w ith  lim e  b e  t e s t e d  in  th e  f i e ld  t r i a l s . 
s in c e  th e  p ro d u c tio n  o f  O m a d in e  M n s a l t  h a d  b e e n  te r m in a te d .  A c o m ­
m e rc ia l  p r e p a ra t io n  o f  s p r e a d e r - s t i c k e r  w a s  a p p l ie d  w ith  e a c h  o f  th e  
t r e a tm e n t s . T h e s e  p la n t s  w e re  in o c u la te d  w i th  X^. v e s i c a to r i a  o n  
M ay  18 w ith  a  tw o - g a l lo n  h a n d  s p r a y e r .
In  1 9 6 1 , c o m m e rc ia l  8 - 8 - 8  f e r t i l i z e r  w a s  a p p l ie d  t o  s o i l  p r io r  
to  t r a n s p la n t in g  b e l l  p e p p e r  p la n t s  in  fo u r  s e p a r a t e  t r e a tm e n ts  o f  
1 ,0 0 0 ,  2 ,0 0 0 ,  4 ,0 0 0 ,  a n d  6 ,0 0 0  p o u n d s  p e r  a c r e .  T h ree  a d d i t io n a l  
t r e a tm e n ts  w e re  u s e d  in  w h ic h  1 ,0 0 0 ,  2 ,0 0 0 ,  a n d  3 ,0 0 0  p o u n d s  p e r  
a c r e  o f  th e  s a m e  ty p e  f e r t i l i z e r  w a s  a p p l ie d  to  t h e  s o i l  p r io r  to  t r a n s ­
p la n t in g  th e  p la n t s  to  th e  f i e l d .  E q u a l a m o u n ts  o f  f e r t i l i z e r  w e re  a p p l ie d  
to  th e  r e s p e c t iv e  p lo ts  a s  s id e  d r e s s in g s  s e v e n  w e e k s  l a t e r .  A r a n ­
d o m iz e d  b lo c k  d e s ig n  w ith  fo u r  r e p l i c a t io n s  a n d  20 p la n t s  p e r  
r e p l i c a t io n  w a s  u s e d  fo r  a l l  t r e a tm e n t s .  T h e s e  p la n t s  w e re  in o c u la te d  
w ith  X . v e s i c a to r i a  o n  M ay  11 w ith  a  t h r e e - g a l lo n  h a n d  s p r a y e r .
In  1 9 6 1 , a t  P o n c h a to u la ,  L o u is ia n a ,  a  t o t a l  o f  1 ,3 0 0  d i s e a s e -  
f r e e  p e p p e r  p la n t s  w e re  s e t  in  e ig h t  r o w s .  O n e  th o u s a n d  p o u n d s  p e r  
a c r e  o f  c o m m e rc ia l  8 - 8 - 8  f e r t i l i z e r  w a s  a p p l ie d  t o  fo u r  o f  t h e  ro w s  a n d
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5 ,0 0 0  pounds o f com m ercial 8 -8 -8  fe r ti l iz e r  to  th e  o th er four row s 
prior to  p la n tin g .
R esu lts  o f th e  1961 fe r ti liz e r  t e s t  prom pted an in v e s tig a tio n  to  
determ ine  w h e th er n itro g en , p h o sp h o ru s , o r p o tassiu m  or a  com bina­
tio n  o f th e s e  th re e  e lem en ts  w as re sp o n s ib le  for th e  in c re a se d  re ­
s is ta n c e  of b e ll  peppers to  b a c te r ia l  le a f  s p o t . In  th e  1962 fie ld  
t r i a l s ,  1 ,000  pounds per ac re  of com m ercial 8 -8 -8  fe r t i l iz e r ,  ap p lied  
in  th e  row , w as supp lem en ted  w ith  a d d itio n a l am ounts of fe r ti liz e r  
added  a s  s id e  d re s s in g s . The trea tm en ts  in  th e  random ized re p lic a te d  
b lock  d e s ig n  w ere:
1 . C o n tro l—w hich had  only th e  1 ,000  pounds per ac re  of
8 -8 -8  fe r t i l iz e r  ap p lied  in  th e  row .
2 . 1 ,000  pounds per ac re  of 8 -8 -8  fe r ti liz e r  a p p lied  in
th e  row s id e  d re s se d  w ith  480 pounds per 
ac re  of P (20% superphospha te )
3 . 1 ,000  pounds per ac re  of 8 -8 -8  fe r ti liz e r  a p p lied  in
th e  row s id e  d re s se d  w ith  480 pounds per 
ac re  o f K (60% po tash )
4 . 1 ,000  pounds p e r ac re  of 8 -8 -8  fe r ti l iz e r  a p p lied  in  th e
row s id e  d re s se d  w ith  480 pounds per acre  
of N (ammonium n itra te )
5 . 1 ,000  pounds per ac re  of 8 -8 -8  fe r ti liz e r  ap p lied  in
th e  row s id e  d re s se d  w ith  480 pounds per 
ac re  of each  N , P , and  K (8 -8 -8  fe rtiliz e r)
The p la n ts  w ere  s e t  on  M arch 19 and th e  supplem ent fe r ti liz e rs  
w ere  added  on M ay 11. T hese  p la n ts  w ere in o cu la te d  w ith  X. 
v e s ic a to r ia  on M ay 18 w ith  a  tw o -g a llo n  hand sp ra y e r .
L aboratory s tu d ie s  w ere  conducted  w ith  X. v e s ic a to r ia  to  se e
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I f  c u p r ic  O m a d in e  a n d  s t r e p to m y c in  s u l f a t e  w e re  b a c t e r i c id a l  o r  
b a c t e r i o s t a t i c .  F i l t e r  p a p e r  d i s c s ,  1 2 .7  mm in  w id th ,  w e r e  im ­
p re g n a te d  w ith  t h e s e  tw o  m a te r ia ls  a t  t h e  c o n c e n tr a t io n  o f  100 ppm  
a c t iv e  m a te r ia l  a n d  p la c e d  o n  PDA. p l a t e s  s e e d e d  w ith  th e  o rg a n is m .
A fte r 3 6 -4 0  h o u rs  in c u b a t io n  a t  room  te m p e r a tu r e ,  t r a n s f e r s  w e re  
m ad e  from  th e  z o n e s  o f  in h ib i t io n  to  p o ta to  d e x tr o s e  b r o th .  T he 
c u l tu r e s  r e s u l t in g  from  t h e s e  t r a n s f e r s  w e re  u s e d  to  s e e d  o th e r  PDA 
p l a t e s .  C u p r ic  O m a d in e  a n d  s t r e p to m y c in  s u l f a te  im p re g n a te d  f i l t e r  
p a p e r  d i s c s  (100  ppm ) th e n  w e re  p la c e d  o n  t h e s e  p l a t e s  t o  d e te rm in e  
w h e th e r  o r n o t t h e  i s o l a t e s  w e re  r e s i s t a n t  to  c u p r ic  O m a d in e  a n d  
s t r e p to m y c in  s u l f a te  o r w h e th e r  o r  n o t th e  e f f e c t  w a s  o n ly  b a c t e r io ­
s t a t i c .
EXPERIMENTAL RESULTS
S tu d ies  on  th e  o v e r-s e a so n in g  of X. v e s ic a to r ia
None of th e  9 ,0 0 0  d is e a s e - f r e e  p la n ts ,  s e t  a t a lo ca tio n  near 
H e s te r , L ou isiana  in  1961, becam e in fec te d  w ith  X. v e s ic a to r ia  w hen 
tra n sp la n te d  to  a  f ie ld  in  w hich  in fe c te d  pepper p lan ts  had  been  grown 
th e  p reced ing  y e a r .  H ow ever, th e  d is e a s e  d id  appear in  some com ­
m ercia l p lan tin g s  w hich  w ere  approxim ately  o n e -q u a rte r  of a  m ile aw ay . 
The pep p er p la n ts  in  th e  experim en ta l p lo t w ere  checked  for b a c te r ia l 
le a f  sp o t every  se v e n  to  te n  d a y s .
The d is e a s e  w as not found in  th e  1 ,300  d is e a s e - f r e e  p lan ts  se t 
a t th e  P onchatou la  lo c a tio n . O ther com m ercial p lan tin g s  in  th e  im ­
m ediate  v ic in ity  w ere  not exam ined for in fe c tio n .
No b a c te r ia l  le a f  sp o t appeared  on 600 d is e a s e - f r e e  pepper p lan ts  
tra n sp la n te d  to  th e  P erk ins Road Farm w here pepper p lan ts  in fec te d  
w ith  X. v e s ic a to r ia  had b een  grown th e  p reced ing  y e a r . T hese p lan ts  
w ere  o b se rv ed  d a ily  for th e  ap p ea ran ce  of b a c te r ia l  le a f  sp o t. How­
e v e r , 150 d is e a s e - f r e e  p la n ts  tra n sp la n te d  to  so il v irg in  to  peppers 
approx im ate ly  200 yards from the  above p lan ting  and on ly  50 fee t from 
pep p ers  w ith  b a c te r ia l  le a f  spo t becam e in fec te d  follow ing tw o w eeks 
o f h e a v y , w ind-b low n  ra in .
In th e  1962 fie ld  p lo ts  lo c a te d  in  S t. Jam es P a r ish , b a c te r ia l  
le a f  spo t w as not found in  th e  iso la te d  p lo ts  a t lo c a tio n s  A, B, C ,
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a n d  D . T he d i s e a s e  h a d  b e e n  re p o r te d  o n  p e p p e r s  a t  a l l  t h e s e  l o c a t io n s  
th e  p re c e d in g  y e a r . B a c te r ia l  l e a f  s p o t  d id  d e v e lo p  in  th e  p e p p e r  p la n t s  
a t  lo c a t io n  E n e a r  H e s t e r ,  L o u is ia n a .  H o w e v e r , t h e  d i s e a s e  w a s  o b s e rv e d  
f iv e  d a y s  e a r l i e r  in  a  c o m m e rc ia l  p la n t in g  a d ja c e n t  to  t h i s  p l o t .
T he 250  p la n t s  s e t  a t  th e  I d le w i ld  E x p e rim e n t S ta t io n  n e a r  C l in tb n ,  
L o u is ia n a  in  1 9 6 2 , re m a in e d  f re e  o f  b a c t e r i a l  l e a f  s p o t  th ro u g h o u t th e  
s e a s o n  w h ic h  in d ic a te d  th a t  th e  o r ig in a l  p la n t s  g ro w n  in  t h e  c o ld fra m e  
w e re  d i s e a s e - f r e e  p l a n t s .
D i s e a s e - f r e e  p e p p e r  s e e d  w e re  p la n te d  in  d i s e a s e - i n f e s t e d  s o i l  
i n  tw o  f l a t s  o n  e a c h  o f  th e  fo llo w in g  d a te s :  D e c e m b e r  1 4 , J a n u a ry  1 7 , 
F e b ru a ry  1 6 , M a rc h  1 6 , A pril 2 8 ,  a n d  M ay  3 0 .  T he s o i l  u s e d  in  t h i s  
s e r i e s  o f  t e s t s  w a s  p re p a re d  th e  p re v io u s  J u ly ,  a t  w h ic h  t im e ,  i n ­
f e c te d  p e p p e r  p la n t s  w e re  c h o p p e d  a n d  m ix e d  w i th  t h e  s o i l  a n d  p la c e d  
in  f i v e - g a l lo n  c r o c k s . T he s u b s e q u e n t  p la n t s  w e re  w a te r e d  in  s u c h  a  
m an n e r t h a t  s o i l  w a s  s p la s h e d  o n  th e  l e a v e s . T h e s e  p la n t s  w e re  m a in ­
t a in e d  u n t i l  S e p te m b e r  1 9 6 1 , a n d  d u rin g  t h i s  p e r io d  no  b a c t e r i a l  l e a f  
s p o t  d e v e lo p e d  o n  a n y  o f  th e  s ix  s e p a r a te  p l a n t i n g s . In  f iv e  s e p a r a te  
a t te m p ts  o n  J a n u a ry  2 6 ,  F e b ru a ry  1 6 , A p ril 1 0 , M a y  1 9 , a n d  J u n e  22 
th e  b a c te r iu m  w a s  n o t i s o l a t e d  from  t h i s  s o i l  w h e n  th e  d i lu t io n  p la t e  
m e th o d  w a s  e m p lo y e d .
In  J u ly  1961, te n ,  f i v e - g a l lo n  c r o c k s  w e re  f i l l e d  w ith  f i e ld  s o i l  
from  th e  P e rk in s  R oad  F a rm , a n d  t h i s  s o i l  w a s  in f e s t e d  w i th  d i s e a s e d  
p e p p e r  p la n t s  a n d  a  c u l tu r e  o f  t h e  b a c te r iu m . T he  fo llo w in g  A p r i l ,  
d i s e a s e - f r e e  p la n t s  w e re  t r a n s p la n te d  t o  t h e s e  f i v e - g a l lo n  c r o c k s .
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W hen th e  p la n ts  w ere  w a te re d , s o il  from th e  medium w as a lw ays 
sp la sh e d  on  th e  fo lia g e . In  a d d itio n , a  slu rry  of th is  in fe s te d  so il 
w as poured over th e  su rface  of th e  le a v e s  approx im ate ly  every  two 
w e e k s . The p la n ts  w ere  m ain tained  u n til Septem ber a n d , during th is  
p e rio d , none of th e  p la n ts  becam e in fe c te d  w ith  X. v e s ic a to r ia . The 
bacterium  w as not reco v ered  from th is  so il in  th re e  se p a ra te  a ttem p ts 
on D ecem ber 2 0 , February 1, and M arch 26 , w hen th e  so il  d ilu tio n  
p la te  m ethod w as u se d .
Laboratory a n tib io tic  and  ch em ica l sc reen in g  t e s t
During th e  spring  o f 1962, 23 a n tib io tic s  and 99 ch em ica ls  w ere 
sc re e n e d  in  th e  labo ra to ry  to  determ ine if  th ey  ex h ib ited  any inh ib ito ry  
e ffec t onJC. v e s ic a to r ia . S even  of th e  a n tib io tic s  and 52 of th e  chem i­
c a ls  in h ib ite d  th e  organism  to  varying d eg rees  w hen th ey  w ere  te s te d  
a t 500 ppm a c tiv e  m ateria l by th e  f i l te r  paper d is c -a g a r  d iffu sion  
m ethod. The m a te ria ls  th a t show ed any deg ree  of in h ib itio n  a g a in s t 
X. v e s ic a to r ia  a t th e  above co n cen tra tio n  w ere  th en  te s te d  by th e  sam e 
p rocedure  a t  100 ppm . In  th is  in s ta n c e  som e in h ib itio n  of X. 
v e s ic a to r ia  w as show n by five  a n tib io tic s  and  40 c h e m ic a ls . The 
a n tib io tic s , A gri-m ycin  17 , neom ycin s u lfa te ,  and  strep tom ycin  s u lfa te , 
and  th e  c h e m ic a ls , DAC 649 , N u re lle , N iagara  9130 , E P-166 , E P-166b, 
O m adine Mn s a l t ,  and WO 4778 , in h ib ited  th e  o rgan ism  to  th e  g re a te s t 
e x te n t bo th  a t 500 and  100 ppm (Table IV).
Table IV. The effect of various antibiotics and chemicals on X. vesicatoria in vitro.
. Concentration
Chemical company_______________________________Material__________________________500 ppm 100 ppm
Inhibition in mm
ANTIBIOTICS
Chas. Pfizer & C o ., Inc. Agri-mycin 17 (21.3% streptomycin sulfate) 22.3 13.8
Chas. Pfizer & C o ., Inc. Anisomycin 0.0 -
Chas. Pfizer & C o ., Inc. Oligomycin 0.0 —
Commercial Solvents Corp. Fradicin (90%) 0.0 -
Olin Mathieson Chem. Corp. Mycostatin 1666 (10%) 0.0 -
Olin Mathieson Chem. Corp. Mycostatin (50%) 0.0 -
S . B. Penick & Co. Bacitracin 0.0 -
S . B. Penick & Co. Candicidin 0.0 —
S. B. Penick & Co. Gramicidin 0.0 -
S. B. Penick & Co. Neomycin sulfate 12.3 9.2
S. B. Penick & Co. Penitracin T** 0.0
S. B. Penick & Co. Tyrocidine hydrochloride 0.0 -
S. B. Penick & Co. Tyrothricin ' T T
S. B. Penick & Co. 517 RTF 0.0 ”
The Upjohn Co. Acti-dione 11584-4 0.0 -
The Upjohn Co. Bactitracin 2504-H 0.0
The Upjohn Co. Endomycin 9922-11 0.0 -
The Upjohn Co. Filipin 4370 GBW 88 0.0 -
The Upjohn Co. Griseofulvin (50%) 0.0 -
The Upjohn Co. Penicillin G Potassium 2771-4 0.0 -
T able IV. C ontinued
C hem ical company M ateria l
C o n cen tra tio n  
500 ppm 100 ppm
ANTIBIOTICS (C ont'd)
The Upjohn C o .
The Upjohn C o.
The Upjohn C o.
CHEMICALS
A llied Chem .
Am erican Cyanam id Co,
Antara Chem .
C arbon & Carbon C hem . Co, 
C arbon & Carbon C hem . Co, 
C arbon & Carbon C hem . Co,
C h a s . P fizer & C o . ,  In c .
Chem agro C orp.
Chem agro C o rp .
Chem agro C o rp .
Chipm an C hem . C o . ,  In c . 
Chipm an Chem . C o . , In c .
In h ib itio n  in  mm
Polym ixin 115 MEB 2 
Streptom ycin Sulfa te  powder 3534-F 
T etracycline  USP Base 3335-P
Cpd„ 2266 (Experimental)
28720 (25%) (Experimental)
P reven to l GD (96% Dihydroxy-  
d ichlorodiphenylm ethane)
Crag Po ta to  Fungicide (Cu, Z n, Cr) 
224 (Experimental)
6970 (Experimental)
S o rb is ta t (CgHj^Og)
Bayer 32394 (25%) (Experimental) 
2635 (70%) (Experimental)
2635 (Experimental)
(Cadmium d ith io  carbam ate) 
M erbam 10 (Experimental)
5 .0
























Table IV. C ontinued
Concentration
Chemical company_______________________________Material_________________________ 500 ppm 100 ppm
Inhibition in mm
CHEMICALS (Cont'd)
Diamond Alkali Co. DAC 649 (75% 3,3,4,4-tetrachlorotetra-
hydrothiophene-1,1-dioxide) C*** 18.3
Dow Chem. Co. Dowicide A (97%) (Experimental) 0.0
Dow Chem. Co. Harven (10%) (Experimental) 0.0
Dow Chem. Co. Morraen (27.4% Na 2,4,5 -trichlorophenate) 7.6 0.0
Dow Chem. Co. Nellite Formulation M-2010 (Exp.) 0.0
Dow Chem. Co. Nurelle (17.3% 2 ,4 ,5 -trichlorophenol) 20.1 4.6
Dow Chem. Co. Torsite (Experimental) 1.3 0.0
Dow Chem. Co. Zectean (25%) (Experimental) 0.0
E. I. duPont de Nemours & Co. 
E. I. duPont de Nemours & Co. 
E. I. duPont de Nemours & Co.
Manzate-Maneb (80% Manganese ethylene- 
bisdithiocarbamate)
Thylate (65% Bis (dimethylthiocarbamyl) 
disulfide)







Eli Lilly & Co. C-275 (10%) (Experimental) 0.0 -
Eastman Kodak Co. (8-Hydroxyguinoline sulfate) 15.5 7.3
Food Mach. & Chem. Corp., 
Niagara Chem . Div. ME 5356 (Experimental) 0.0
Food Mach. & Chem. Corp., 
Niagara Chem. Div. Nia 5619 (75%) (Experimental) T 0.0
T able IV. C ontinued
C oncen tra tion
C hem ical com pany____________________________________M ateria l_____________________________ 500 ppm 100 ppm
Inh ib ition  in  mm
CHEMICALS (C ont'd)
Food M ach . & C hem , C o rp . ,
N iagara C hem . D iv .
Food M ach . & C hem . C o rp .,
N ia 6636 (Experim ental) 0 .0
N iagara C hem . D iv .
Food M ach . & C hem . C o rp .,
5619 (50%) (Experim ental) 8 .8 2 .3
N iagara C hem . D iv .
Food M ach . & C hem . C o rp . ,
5769 (50%) (Experim ental) 21 .1 2 .8
N iagara C hem . D iv .
Food M ach . & C hem . C o rp . ,
9102 (80%) (Experim ental) 3 .1 T
N iagara C hem . D iv . 9130 (75%) (Experim ental) 2 6 .1 9 .3
Foote M ineral C o . (Lithium hydroxide monohydrate) 14 .1 12.3
M allinckrodt C alogreen  (m ercurous chloride) 12 .1 7 .6
M erck & C o . ,  In c . (HMF A cetate  b isu lfite ) 0 .0 -
M erck & C o . ,  In c . HMF Propionate (Experimental) 0 .0 -
M erck & C o . , I n c . M ethoxy 59RTS1348 (Experimental) 0 .0 -
M erck & C o . , I n c . P ropionate 59RTS1345 (Experimental) 0 .0 —
M erck, Sharp & Dohme R es. Lab. (Dimethylformamide) 0 .0 -
M e ta lsa lts  C orp. (8 -H ydroxy -7 -Iodoqu ino line-5 -su lphon ic  acid) 3 .3 0 .0
M etals  a lts  C orp . (8 -H ydroxyqu ino line-5 -su lphon ic  acid) 0 .0 "
Table IV. C ontinued
Chemical company Material
Concentration 
500 ppm 100 ppm
CHEMICALS (Cont'd)
Monsanto Chem. Co. 
Monsanto Chem. Co. 
Monsanto Chem. Co. 
Monsanto Chem. Co.
Morton Chem. Co.
Morton Chem. Co. 




Olin Mathieson Chem. Corp. 
Olin Mathieson Chem. Corp.










Nabac-25 (25% 2,-2-Methylebis 
3,4 ,6  -trichlorophenol)
5-10 Nabac (1.25% 2,i-2-Methylenebis 
(3 ,4 ,6-trichlorophenol) Captan dust 
(5% N-trichloromethylthio)-4 
cyclohexene -1 ,2 -dicarboximide)
G 1143 (25%) (Experimental)
Omadine Mn salt (50% 2-pyridimethione 
1-oxide, manganese salt)
























T able IV. Continued
C oncen tra tion
C hem ical company M ateria l 500 ppm 100 ppm
Inh ib ition  in  mm
CHEMICALS (Cont'd)
Onyx Oil & Chem . C o . Ammonyx 78 (Experimental) 2 .1 1 .6
Onyx O il & Chem . C o . BTC (50%) (Experimental) - 2 .5 2 .3
Onyx Oil & Chem . C o . BTC 927 (Experimental) 1 .5 1 .6
Onyx Oil & C hem . C o . BTC 1100 (Experimental) T T
Onyx Oil & Chem . C o . BTC 2125 (50%) (Experimental) T T
Onyx Oil & Chem . C o . Iso th an  Q15 (20% laury lisoquinolin ium  bromide) 2 .1 1 .3
Onyx Oil & Chem . C o . 
Onyx Oil & Chem . C o .
Iso th an  Q75 (75% laury lisoquino lin ium  bromide) 
O nyxide (75% alkenyldim ethylethyl-am m onium
2 .8 T
bromide) - 0 .0 -
Onyx Oil & Chem . C o . T e tro s a n 3 ,4  D (a lk y ld im e th y l-3 ,4 -
dichlorobenzylam m onium  chloride) 2 .5 1.3
Panogen In c . WO 4778 (8.5% M ethylm ercury hydroxide) C 3 7 .1
P en n sa lt C hem . C orp . NP-1711 (50%) (Experimental) 0 .0 -
P en n sa lt C hem . C orp. 
P ennsa lt C hem . C orp.
NP-1772 (Experimental)
Thiram (75% Bis(dim ethylthiocarbam oyl)
0 .0
d isu lfide) 2 0 .1* 22 .3*
P ennsa lt C hem . C orp. TD-211 (50%) (Experimental) 9 .1 2 .1
P en n sa lt Chem . C orp. TD-212 (Experimental) 8 .6 3 .6
P en n sa lt Chem . C orp . TD-213 (50%) (Experimental) 11.6 3 .3
P ennsa lt C hem . C orp . TD-226 (Experimental) 0 .0 —
Table IV. C ontinued
Chemical company Material
Concentration 





R. T. Vanderbilt Co.
Shell Development Co. 











Vancide 51 (30% N-(trichloromethylthio) ■ 
4-cyclohexene-1,2 -dicarboximide)
SD 4741 (Experimental)
SD 5529 (50%) (Experimental)
SD 5529 (Experimental)
Captan (50% N-(trichloromethylthio)- 
4-cyclohexene-1,2 -dicarboximide) - 

























Table IV. C ontinued
C o ncen tra tion
C hem ical company___________________________________M aterial_____________________________ 500 ppm 100 ppm
Inh ib ition  in  mm
CHEMICALS (Cont'd)
Thom pson-H ayw ard C o . S eptigard  25 (10% M ethyldodecylbenzyl
trim ethy l ammonium chloride) 1.3 T
The Upjohn C o . A cti-d ione  a c e ta te  (Experimental) 0 .0 -
The Upjohn C o . A cti-d ione  a c e to a c e ta te  (Experim ental) 0 .0 -
The Upjohn C o . A cti-d ione  oxime (Experim ental) 0 .0 . -
The Upjohn C o . Botran (50%) (Experim ental) 0 .0 -
The Upjohn C o. C yclohexim ide th io sem icarbazone  3544 
(Experimental) 0 .0 _
The Upjohn C o. U -2069 (50%) (Experim ental) 0 .0 —
U .S . Rubber C o . , N augatuck C hem . D iv. B 165 (Experimental) 0 .0 -
U .S . Rubber C o . ,  N augatuck C hem . D iv. B 512 (Experimental) 0 .0 -
U .S . Rubber C o . , N augatuck C hem . D iv . B 577 (Experimental) 4 .0 0 .0
U .S . Rubber C o . , N augatuck C hem . D iv. B 720 (75%) (Experim ental) 0 .0 -
U .S . Rubber C o . , N augatuck C hem . D iv. D 2002 (Experimental) 3 .5 0 .0
U .S . Rubber C o . , N augatuck C hem . D iv . Phygon ( 2 ,3 - d ic h lo r o - l , - 4  napthoquinone) 0 .0 -
U .S . Rubber C o . , N augatuck C hem . D iv. 06K (Experimental) 0 .0 -
U .S . Rubber C o . ,  N augatuck C hem . D iv. 36L (Experimental) 4 .0 9 .2
♦ In itia l inh ib ition  w ith zone in d is tin c t a fte r  48 h o u rs . 
♦♦Trace of in h ib itio n .
♦♦♦Com plete in h ib itio n .
F ie ld  t e s t s  w ith  b a c t e r i c id a l  s p r a v s
In  a  p re lim in a ry  f i e ld  t e s t ,  b e fo re  t h e  la b o ra to ry  s c r e e n in g  m e th o d  
w a s  e m p lo y e d , fo u r  c h e m ic a ls  w e re  u s e d  in  a  r a n d o m iz e d  b lo c k  d e s ig n  to  
e v a lu a te  th e m  fo r b a c t e r i a l  l e a f  s p o t  c o n t r o l .  N o n e  o f t h e s e  fo u r 
c h e m ic a ls  a p p e a re d  to  b e  e f f e c t iv e  i n  th e  c o n tro l  o f  t h e  d i s e a s e .  O n 
Ju ly  8 d i s e a s e  r a t i n g s ,  w h ic h  a re  d e s c r ib e d  in  T a b le  I I ,  w e re  m a d e .
T h e s e  d a ta  a re  sh o w n  in  T a b le  V.
T a b le  V . T h e  d i s e a s e  r a t in g s  o f  p e p p e r  p la n t s  s p r a y e d  w i th  b a c t e r i c id e s  
in  1961 f ie ld  t e s t s
C h e m ic a l D i s e a s e  r a t in g s  o n  Tulv 8*
E P -1 6 6 5 .0 0
N a b a c  25 5 .0 0
S e p t ig a rd  25 4 .7 5
P re v e n to l  G D 5 .0 0
C o n tro l 5 .0 0
* E a c h  r a t in g  r e p r e s e n t s  a n  a v e r a g e  o f  th e  fo u r  r e p l i c a t io n s  p e r  t r e a tm e n t .
D u rin g  1962 a  ra n d o m iz e d  b lo c k  d e s ig n  w i th  fo u r  r e p l i c a t io n s  c o n ­
t a in in g  20  p la n t s  e a c h  w a s  e m p lo y e d  to  t e s t  t h e  e f f e c t i v e n e s s  o f  n e o m y c in  
s u l f a t e ,  s t r e p to m y c in  s u l f a t e ,  A g r i-m y c in  1 7 , DAC 6 4 9 , W O  4 7 7 8 ,
N ia g a ra  9 1 3 0 , c u p r ic  O m a d in e , a n d  c u p r ic  O m a d in e  i n  c o m b in a t io n  w i th  
l im e  a s  c o n tro l  m e a s u re s  fo r b a c t e r i a l  l e a f  s p o t .  T h e s e  m a te r ia ls  w e re  
a p p l ie d  w ith  a  15- g a l lo n  s p r a y e r  o n  a  s e v e n - d a y  s c h e d u le  w h e n  w e a th e r
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co n d itio n s  p e rm itted . On June 22 th e  d is e a s e  ra tin g s  for neom ycin 
s u l f a te , s trep tom ycin  s u l f a te , and  cup ric  O m adine w ith  lim e w ere 
s ig n if ic a n tly  low er th an  th e  con tro l ra t in g . H ow ever, dry w eath er 
p rev a iled  during th is  period  and th e  p lo ts  w ere  w atered  e ac h  w eek w ith 
an  overhead  irr ig a tio n  sy s te m . B etw een June 22 and July 1 more th an  
four in c h e s  of ra in  fe ll in  th e  experim en tal a re a ,  and d is e a s e  ra tin g s  
w ere  m ade a g a in  on July 4 . A nalysis of th e s e  d a ta  fa iled  to  show a 
s ig n if ic a n t d iffe ren ce  b e tw een  any of th e  trea tm en ts  (Table VI).
Table VI. The d is e a s e  ra tin g s  on June 22 and July 4 of pepper p lan ts  
sp ray ed  w ith  b a c te r ic id e s  in  1962 fie ld  t e s ts
D ise a se  rating
M ate ria l Tune 22* Tulv 4*
1 . N eom ycin su lfa te 1.75 5 .0 0
2 . S trep tom ycin  su lfa te 2 .25 4 .5 0
3 . A gri-m ycin  17 2 .5 0 4 .7 5
4 . DAC 649 4 .0 0 4 .5 0
5 . N urelle 4 .5 0 5 .0 0
6 . WO 4778 2 .75 5 .0 0
7 . N iagara  9130 2 .75 4 .7 5
8 . C upric  O m adine sa lt 2 .75 4 .7 5
S . C upric  O m adine s a l t  + lim e 2 .0 0 4 .7 5
10 . C ontro l 3 .75 4 .7 5
*Each ra ting  re p re se n ts  an  av erag e  of th e  four re p lic a tio n s  per tre a tm e n t.
L .S .D . 5% = .35
L .S . D . 1% = 1 .14
•3 1 -::.;;:
R e la tio n  o f  f e r t i l i z e r  t o  d i s e a s e  r e s i s t a n c e
B e c a u s e  h ig h  r a t e s  o f  f e r t i l i z e r  w e re  r e p o r te d  t o  c o n tro l  b a c t e r i a l  
l e a f  s p o t (3 8 , 3 9 ) ,  e x p e r im e n ts  w e re  d e s ig n e d  to  s tu d y  th e  r e la t io n s h ip  
o f th e  a p p l ic a t io n  o f  v a r io u s  r a t e s  o f  f e r t i l i z e r s  to  d i s e a s e  r e s i s t a n c e  
a n d  fru it  p ro d u c t io n .  T he re c o m m e n d e d  r a t e s  o f f e r t i l i z e r  p e r  a c r e  a re  
8 00  to  1 ,5 0 0  p o u n d s  o f 5 - 1 0 - 5 ,  5 - 1 0 - 1 0  o r e q u iv a le n t  p e r  a c r e ,  p lu s  
16 p o u n d s  o f  r e a d i ly  a v a i la b le  n i t ro g e n  a s  a  s id e  d r e s s i n g .  In  1 9 6 1 , 
fo u r  s e p a r a te  t r e a tm e n ts  o f 1 ,0 0 0 ,  2 ,0 0 0 ,  4 ,0 0 0 ,a n d  6 ,0 0 0  p o u n d s  p e r  
a c r e  o f  c o m m e rc ia l  8 - 8 - 8  f e r t i l i z e r  w e re  a p p l ie d  to  th e  s o i l  p r io r  to  
t r a n s p la n t in g  b e l l  p e p p e r  p la n ts  in  a  ra n d o m iz e d  b lo c k  d e s i g n .  T h ree  
a d d i t io n a l  t r e a tm e n ts  w e re  u s e d  in  w h ic h  1 ,0 0 0 ,  2 ,0 0 0 ,  a n d  3 ,0 0 0  
p o u n d s  p e r  a c r e ,  r e s p e c t iv e ly ,  o f  c o m m e rc ia l  8 - 8 - 8  f e r t i l i z e r  w e re  
a p p l ie d  to  th e  s o i l  p r io r  to  p la n t in g .  A fte r s e v e n  w e e k s  t h e s e  p la n t s  w e re  
s id e  d r e s s e d  w ith  c o m m e rc ia l  8 - 8 - 8  f e r t i l i z e r  w h ic h  w a s  a p p l ie d  a t  th e  
sa m e  r a t e s  u s e d  a t  th e  s t a r t  o f  th e  t e s t .  R e s u l ts  o f  t h e s e  t e s t s  i n d i ­
c a te d  th a t  b a c t e r i a l  l e a f  s p o t  w a s  s ig n i f ic a n t ly  l e s s  s e v e r e  o n  p la n t s  
th a t  w e re  g ro w n  in  s o i l  w ith  th e  tw o  h ig h e r  r a t e s  o f  f e r t i l i z a t i o n .
H o w e v e r , p la n t s  th a t  w e re  g ro w n  o n  p lo ts  t h a t  h a d  th e  h ig h e r  r a t e s  
o f  f e r t i l i z e r ,  p ro d u c e d  s ig n i f ic a n t ly  lo w e r  n u m b ers  o f m a rk e ta b le  
p e p p e r s  (F ig u re  1 ) . C o m p a ra b le  r e s u l t s  w e re  o b ta in e d  w h e n  th e  
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Figure 1. The c o n tro l of b a c te r ia l  le a f  spo t and th e  p e rcen tag e  
of m arke tab le  pep p ers  w ere  in v e rse ly  p roportiona l 
to  e ac h  o th er w hen  h igh  ra te s  o f com m ercial 8 -8 -8  
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Figure 2 . The control of bacteria l leaf spot and the percentage 
of marketable peppers were inversely  proportional to 
each other when high ra tes  of commercial 8 -8 -8  
fe rtilizer were applied one-half in the row and one- 
half as a side d re ss in g .
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No b a c te r ia l  le a f  spo t developed  in  the  fe r ti liz e r  f ie ld  t e s t  p lot 
near P onchatou la  in  1961; how ever, th e  num bers of m arketable fru it 
w ere  much low er in  p lo ts  tre a te d  w ith  5 ,000  pounds per ac re  of com m er­
c ia l  8 - 8-8  fe r ti liz e r  th an  in  th o se  from th e  p lo ts  tre a te d  w ith  1,000  
pounds pe r ac re  of th e  sam e m a te ria l.
S ince  b a c te r ia l  le a f  spo t w as reduced  s ig n if ic an tly  w ith  high 
ra te s  o f a com plete  fe r t i l iz e r  in  1961, an  experim ent w as d esig n ed  
in  1962 to  study  th e  e ffec t of a d d itio n a l am ounts of N , P , and K, 
r e s p e c tiv e ly , and  to  a s c e r ta in  th e  re la tio n  of th e s e  a d d itiv e s  to  
d is e a s e  r e s is ta n c e  and th e  p roduction  of m arketable p e p p e rs .
R esu lts  of th is  t e s t  show ed th a t w hen p lan ts  w ere  grown in  so il 
w hich had  1,000  pounds per acre  of com m ercial 8 - 8-8  fe r t i liz e r  
a p p lied  in  th e  row and an  a d d itio n a l 480 pounds per ac re  of n itrogen  
added  a s  a  s id e  d re ss in g  th e  in c id en c e  of b a c te r ia l  le a f  spo t w as 
s ig n if ic an tly  re d u c e d . U nder th e s e  sam e cond itions th e  pounds of 
m arketab le  peppers w ere  s ig n if ic a n tly  reduced  (Figure 3).
The r e s is ta n c e  of X. v e s ic a to r ia  to  cup ric  O m adine 
and s trep tom ycin  su lfa te  in  v itro
D is tin c t zo n es  of in h ib itio n , w hich  w ere  due to  th e  p re sen c e  of 
f i lte r  paper d is c s  im pregnated  w ith  cu p ric  O m adine and strep tom ycin  
su lfa te  a t 100 ppm , w ere  ob se rv ed  on PDA se ed e d  w ith X. v e s ic a to r ia  ♦ 
T ransfe rs from th e s e  in h ib itio n  zones p laced  in  PD b ro th , gave abundant 





















K N NPK Control
F ig u re  3 .  T he c o n tro l  o f  b a c t e r i a l  l e a f  s p o t  w ith  h ig h  r a t e s  
o f  c o m m e rc ia l  8 - 8 - 8  f e r t i l i z e r  a n d  h ig h  r a t e s  o f 
n i t ro g e n  a n d  th e  r e d u c t io n  o f  m a rk e ta b le  p e p p e r s  
w ith  th e  sa m e  t r e a tm e n t .
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w ith  cu p ric  O m adine and strep tom ycin  su lfa te  w ere  p lac ed  on PDA 
w hich  had  b een  in o cu la te d  w ith  th e  re sp e c tiv e  broth c u ltu re s  ob ta ined  
from th e  in h ib itio n  z o n e s . N either m ateria l in h ib ited  th e  growth of th e s e  
i s o l a t e s .
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S tu d ie s  o n  th e  o v e r - s e a s o n in g  o f  X. v e s i c a to r i a  h a v e  in d ic a te d  
th a t  t h i s  o rg a n is m  d o e s  n o t l iv e  from  o n e  g ro w in g  s e a s o n  to  a n o th e r  
in  L o u is ia n a  u n d e r  th e  c o n d i t io n s  t e s t e d .  Tw o l in e s  o f  e v id e n c e  s u p ­
p o r te d  t h i s  s u p p o s i t io n .  F i r s t ,  th e  d i s e a s e  w a s  n o t o b s e rv e d  a t  s ix  
i s o l a t e d  lo c a t io n s  w h e re  d i s e a s e - f r e e  p la n t s  w e re  t r a n s p la n te d  to  s o i l  
in  w h ic h  p e p p e rs  in f e c te d  w ith  v e s i c a to r i a  w e re  g ro w n  t h e  p re c e d in g  
y e a r .  S e c o n d ly ,  n u m e ro u s  a t te m p ts  to  i s o l a t e  th e  o rg a n is m  from  
a r t i f i c i a l l y  i n f e s t e d  s o i l  f iv e  to  n in e  m o n th s  a f t e r  i n f e s t a t i o n  w e re  
n e g a t iv e .
D u rin g  th e  s p r in g  o f 1 9 6 2 , 23 a n t ib io t i c s  a n d  99 c h e m ic a ls  w e re  ■ 
t e s t e d  in  v i t ro  to  d e te rm in e  th e i r  in h ib i to ry  e f f e c t  a g a i n s t  X . v e s i c a t o r i a . 
S e v e n  o f t h e s e  a n t ib io t i c s  a n d  52 o f  th e  c h e m ic a ls  t e s t e d  a t  5 0 0  a n d  
100 ppm  a c t iv e  m a te r ia l  in h ib i te d  th e  o rg a n is m  in  d e g re e s  v a ry in g  
from  o n ly  a  t r a c e  to  c o m p le te  in h ib i t io n .  M a n e b , T h ira m , a n d  Z ira m  
fo rm ed  i n i t i a l  in h ib i t io n  z o n e s  w h ic h  w e re  o v e rg ro w n  a f t e r  48 h o u r s .
The in d ic a t io n s  w e re  t h a t  th e  c h e m ic a ls  w e re  a l t e r e d  in  a  few  h o u rs  
s o  t h a t  th e y  w e re  b a c t e r i o s t a t i c  o n ly .
In  a  p re l im in a ry  f ie ld  t e s t  in  1 9 6 1 , b e fo re  th e  la b o ra to ry  s c r e e n in g  
t e s t s  w e re  e m p lo y e d , fo u r c h e m ic a l s — E P -1 6 6 , N a b a c  2 5 ,  S e p t ig a r d  2 5 ,  
a n d  P re v e n to l  G D — w e re  a p p l ie d  w e e k ly  to  p e p p e r  p la n t s  in  a  r a n d o m iz e d  
f ie ld  p lo t  w i th  fo u r  r e p l i c a t i o n s .  D i s e a s e  r a t in g s  o f  th e  a m o u n t o f
38
in fec tio n  p re se n t in  th e s e  p la n ts  show ed th a t th e  four m ate ria ls  te s te d  
w ere  com plete ly  in e ffe c tiv e  in  co n tro lling  b a c te r ia l  le a f  s p o t .
B ecause  neom ycin s u lfa te , strep tom ycin  s u lfa te ,  A gri-m ycin 17, 
DAC 649 , N u re lle , WO 4778 , N iagara  9130, and  cupric  Om adine 
show ed th e  g re a te s t  am ount of in h ib itio n  a g a in s t X .  v e s ic a to r ia  in  v itro  
a t 500 and 100 ppm a c tiv e  m ateria l th ey  w ere  te s te d  in  a random ized 
f ie ld  p lo t w ith  four re p l ic a t io n s . C upric  O m adine w as te s te d  both 
a lone  and in  com bination  w ith  equal p a rts  of l im e . S ince  th e re  w as 
very  l i t t le  ra in fa ll  before June 22 , 1962, the  p lo ts  w ere w a te red  w ith  
an  overhead  irr ig a tio n  sy s te m . D ise a se  ra tin g s  made on June 22 w ere 
s ig n if ic a n tly  low er th a n  th e  con tro l ra tin g  for neom ycin s u l f a te , 
s trep tom ycin  s u l f a te , and cupric  O m adine w ith  l im e . The d iffe rence  
in  d is e a s e  ra ting  b e tw een  cup ric  O m adine a lo n e  and in  com bination  
w ith  eq u a l p a rts  of lim e w as not s ig n ific an t but app roached  s ig n if i­
c a n c e . DAC 649 and N urelle  w ere  ra te d  h igher th an  th e  contro l but 
not s ig n if ic a n tly  h ig h e r. B etw een June 22 and July 1 more th an  four 
in c h e s  of ra in  fe ll  on  th e s e  p lo ts  m aking co n d itio n s very  favorab le  
for th e  developm ent of b a c te r ia l  le a f  s p o t . By July 4 th e re  w ere no 
s ig n if ic a n t d iffe ren ces  b e tw een  any of th e  trea tm en ts  and th e  c o n tro l.
T aylor (38) and  T aylor and D obson (39) reported  th a t high ra te s  
of fe r t i l iz e r  co n tro lled  b a c te r ia l  le a f  sp o t. In o rder to  determ ine the  
v a lid ity  of th e s e  re p o r ts , experim en ts w ere d e s ig n ed  to  study  th is  
con tro l m easure  and i ts  e ffec t on fru it p ro d u ctio n . If th is  method of 
co n tro l w as  e ffe c tiv e  and fru it p roduction  w as not a ffe c te d , grow ers
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w o u ld  c e r t a in ly  n o t h e s i t a t e  to  i n c r e a s e  th e i r  r a t e s  o f  f e r t i l i z a t i o n .  In  
1961 c o m m e rc ia l  8 - 8 - 8  f e r t i l i z e r  a t  4 ,0 0 0  a n d  6 ,0 0 0  p o u n d s  p e r  a c r e  
s ig n i f ic a n t ly  r e d u c e d  th e  am o u n t o f  b a c t e r i a l  l e a f  s p o t  i n f e c t i o n .  H o w ­
e v e r ,  t h e s e  r a t e s  o f  f e r t i l i z a t io n  s ig n i f ic a n t ly  r e d u c e d  th e  p o u n d s  o f  
m a rk e ta b le  f r u i t .
I t w a s  o f i n t e r e s t  th e n  to  d e te rm in e  w h ic h  m a jo r  f e r t i l i z e r  
e le m e n t  w a s  a s s o c i a t e d  w i th  d i s e a s e  c o n tro l  a n d  how  i t  a f f e c te d  
p e p p e r  y i e l d s .  O n e  th o u s a n d  p o u n d s  p e r  a c r e  o f c o m m e rc ia l  8 - 8 - 8  
f e r t i l i z e r  w e re  a p p l ie d  in  th e  r o w . A d d it io n a l  a m o u n ts  o f f e r t i l i z e r  
w e re  s u p p l ie d  a s  t r e a tm e n ts  in  a  ra n d o m iz e d  b lo c k  d e s i g n .  T h e s e  
t r e a tm e n ts  in c lu d e d  th e  fo llo w in g : 1) 4 80  lb s /A  o f  P ,  2) 4 80  lb s /A  
o f K, 3) 4 80  lb s /A  o f  N , a n d  4) 4 8 0  lb s /A  o f  e a c h  N , P ,  a n d  K.
R e s u l ts  in d ic a te d  th a t  th e  h ig h  r a te  o f N w a s  a s s o c i a t e d  w i th  th e  
d i s e a s e  r e s i s t a n c e .  H o w e v e r , a s  in  th e  p re v io u s  t e s t ,  a  s ig n i f ic a n t  
r e d u c t io n  in  th e  d i s e a s e  w a s  o b ta in e d ,  b u t ,  a t  th e  s a m e  t im e ,  a  
s ig n i f ic a n t  r e d u c t io n  in  th e  p o u n d s  o f  m a rk e ta b le  f ru i t  o c c u r r e d .  I t  
w a s  c o n c lu d e d  th a t  i n c r e a s e d  r a t e s  o f  n i t ro g e n  w e re  a s s o c i a t e d  w ith  
b o th  i n c r e a s e d  r e s i s t a n c e  t o  b a c t e r i a l  l e a f  s p o t  a n d  to  th e  s m a ll  
n u m b ers  o f  m a rk e ta b le  p e p p e r s  p ro d u c e d . O b v io u s ly  t h i s  m e th o d  o f 
c o n tro l  c a n  no t b e  u s e d  e c o n o m ic a l ly .  P e p p e r  p la n t s  g ro w n  in  s o i l  
t r e a te d  w ith  in c r e a s e d  r a t e s  o f  a  c o m p le te  f e r t i l i z e r  o r  i n c r e a s e d  r a t e s  
o f  n i t ro g e n  a lo n e  d e v e lo p e d  b u n c h y  g ro w th  w ith  l e a v e s  s m a l le r  t h a n  
th o s e  o f  th e  c o n t r o l .  M ore  f ru i t  w e re  p ro d u c e d  w ith  th e  in c r e a s e d  
f e r t i l i z e r ,  b u t th e  m a jo r ity  f a i l e d  to  r e a c h  a  m a rk e ta b le  s i z e  (P la te  5 ) .
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M any of th e  fru it w ere produced te rm in a lly  ra th e r  th an  a x illa ry  a s  in  
norm al fru it p roduction; th u s , th ey  w ere su b je c te d  to  su n sc a ld  making 
them  unm arketab le  (P late  4 ).
C ontrary  to  rep o rts  by C ro ssa n  and Krupka (10) and Krupka and 
C ro ssa n  (25) th a t s trep tom ycin  had  a  b a c te r io s ta t ic  e ffe c t on 
v e s ic a to r ia , r e s u l ts  of th e s e  s tu d ie s  in d ic a te d  th a t r e s is ta n t  s tra in s  
of the  organism  w e re , in  e ffe c t, being s e le c te d . This s ta tem en t is  
b a se d  on th e  fac t th a t ,  w hen th e  organism  w as recovered  from zones 
of in h ib itio n  and grown in  PD broth and  tra n s fe rs  made to  PDA on w hich 
f ilte r  paper d is c s  im pregnated  w ith  strep tom ycin  su lfa te  w ere p la c e d , 
no in h ib itio n  re s u l te d . This in d ic a te d  th a t th e  iso la tio n s  w ere r e ­
s is ta n t  to  s trep to m y cin .
SUMMARY
T he o b je c t iv e s  o f t h e s e  i n v e s t i g a t io n s  w e re  t o  d e te rm in e  w h e th e r  
o r n o t X . v e s i c a t o r i a . th e  c a u s a l  o rg a n is m  o f  b a c t e r i a l  l e a f  s p o t  o f  b e l l  
p e p p e r s , w a s  c a p a b le  o f  o v e r - s e a s o n in g  u n d e r  L o u is ia n a  f i e ld  c o n d i ­
t io n s  , to  f in d  a n y  e c o n o m ic a l ly  a v a i la b le  a n t ib io t i c  o r  c h e m ic a l  t h a t  
w o u ld  c o n tro l  th e  d i s e a s e  / to  s tu d y  th e  e f f e c t  o f  h ig h  f e r t i l i z e r  r a t e s  
o n  f ru it  p r o d u c t io n , a n d  to  a s c e r t a i n  w h ic h  e le m e n t  in  c o m m e rc ia l  
f e r t i l i z e r  w a s  r e s p o n s ib le  fo r  th e  r e s i s t a n c e .
T he fo llo w in g  r e s u l t s  in d ic a te d  th a t  X . v e s i c a to r i a  i s  n o t c a p a b le  
o f  o v e r - s e a s o n in g  in  L o u is ia n a  u n d e r  th e  c o n d i t io n s  t e s t e d :
1 . D i s e a s e - f r e e  p la n t s  s e t  a t  a  lo c a t io n  n e a r  H e s te r  a n d  a t  
th e  P e rk in s  R oad  Farm  in  1 9 6 1 , in  a r e a s  w h e re  d i s e a s e d  
p la n t s  h a d  b e e n  g ro w n  th e  p re c e d in g  y e a r ,  f a i l e d  to  d e v e lo p  
b a c t e r i a l  l e a f  s p o t .
2 .  D i s e a s e - f r e e  p la n t s  s e t  n e a r  P o n c h a to u la  in  1961 f a i l e d  to  
d e v e lo p  b a c t e r i a l  l e a f  s p o t w h e n  g ro w n  in  a  f ie ld  w h e re  
m any  d i s e a s e d  p la n t s  h a d  b e e n  o b s e rv e d  in  1 9 5 9 .
3 .  D i s e a s e - f r e e  p la n t s  w e re  s e t  a t  i s o l a t e d  l o c a t io n s  A , B ,
C ,  a n d  D  in  S t .  J a m e s  P a r is h  i n  1 9 6 2 . S im ila r  p la n t s  w e re  
s e t  a t  l o c a t io n  E w h ic h  w a s  n e x t to  a  c o m m e rc ia l  p l a n t in g ,
a .  A lth o u g h  d i s e a s e d  p la n t s  h a d  b e e n  g ro w n  a t  lo c a t io n s
A , B , C ,  a n d  D th e  p re c e d in g  y e a r ,  no  b a c t e r i a l  l e a f  
s p o t  d e v e lo p e d  in  t h e s e  p l o t s .
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b . The d is e a s e - f r e e  p lan ts  a t lo ca tio n  E becam e d is e a s e d . 
H ow ever, th e  d is e a s e  w as o b se rv ed  five d ay s  e a r lie r  in  
com m ercial p la n tin g s .
4 . Two hundred and fifty  d is e a s e - f re e  p lan ts  se t  a t th e  Id lew ild  
Experim ent S ta tio n  in  1962 rem ained h ea lth y  throughout the  
growing s e a s o n .
5 . In  e ig h t se p a ra te  a ttem p ts during 1961-62 th e  bacterium  w as 
not is o la te d  from so il in fe s te d  five to  nine m onths e a r l ie r .
6 . D is e a s e - f re e  p la n ts  se t in  f la ts  on D ecem ber 14, January 17, 
February 16, M arch 16, April 28 , and May 30 in  so il in fe s te d  
w ith  d is e a s e d  p la n ts  th e  p rev ious July (1960) fa ile d  to  becom e 
in fe c te d .
7 . D is e a s e - f re e  p la n ts  se t  in  f iv e -g a llo n  c rocks w hich c o n ­
ta in e d  in fec te d  p la n ts  and  a cu ltu re  of th e  bacterium  w hich 
w as p lac ed  th e re  n ine m onths e a rlie r  fa iled  to  becom e in ­
fec ted  although a slu rry  of th e  in fe s te d  so il d irec tly  from 
th e s e  c ro ck s  w as sp read  over the  p la n ts  approxim ately  
every  tw o w e e k s .
In  a  fie ld  te s t  in  1961, E P-166, N abac 25 , S ep tigard  25 and 
P reven to l GD fa ile d  to  con tro l b a c te r ia l  le a f  s p o t .
Of th e  23 a n tib io tic s  and 99 ch em ica ls  te s te d  in  th e  labo ra to ry  by 
th e  f i l te r  paper d is c - a g a r  d iffu sio n  m ethod, sev en  a n tib io tic s  and 52 
ch em ica ls  show ed some in h ib itio n  of X. v e s ic a to r ia  w hen te s te d  a t 
500 ppm a c tiv e  m a te r ia l. At 100 ppm a c tiv e  m a te ria l, five  a n tib io tic s
a n d  4 0  c h e m ic a ls  in h ib i te d  th e  g ro w th  o f  th e  o rg a n is m  to  v a ry in g  
d e g r e e s . W h e n  n e o m y c in  s u l f a t e , s t r e p to m y c in  s u l f a t e , a n d  c u p r ic  
O m a d in e  w ith  lim e  w e re  t e s t e d  i n  th e  f i e l d ,  e a c h  a p p e a re d  t o  c o n tro l  
th e  d i s e a s e  s a t i s f a c to r i l y ;  h o w e v e r ,  w h e n  e n v iro n m e n ta l  c o n d i t io n s  
b e c a m e  e x tre m e ly  f a v o ra b le  fo r d i s e a s e  d e v e lo p m e n t ,  t h e s e  m a te r ia ls  
f a i l e d  to  c o n tro l  th e  d i s e a s e .
F o u r a n d  s ix  th o u s a n d  p o u n d s  p e r  a c r e  o f  c o m m e rc ia l  8 - 8 - 8  
f e r t i l i z e r  w h ic h  w a s  a p p l ie d  in  th e  row  c o n tro l le d  b a c t e r i a l  l e a f  s p o t;  
h o w e v e r ,  th e  q u a n t i ty  a n d  q u a l i ty  o f  m a rk e ta b le  f ru it  w a s  s ig n i f i c a n t ly  
r e d u c e d  a t  t h e s e  r a t e s  o f  f e r t i l i z a t i o n .
H ig h  r a t e s  o f  n i tro g e n  c o n tr o l le d  b a c t e r i a l  l e a f  s p o t  b u t s i g ­
n i f ic a n t ly  r e d u c e d  th e  am o u n t o f  m a rk e ta b le  f r u i t .
In  la b o ra to ry  t e s t s ,  s t r a in s  of_X, v e s i c a to r i a  r e s i s t a n t  to  
s t r e p to m y c in  s u l f a te  a n d  c u p r ic  O m ad in e  w e re  i s o l a t e d  from  z o n e s  
o f  in h ib i t io n  e x h ib i te d  by  t h e s e  tw o  m a t e r i a l s .
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